Aims: This study was aimed to explore the interaction between environment and CD28/B7 pathway to provide the potential epidemiology for prevention and treatment of recurrent spontaneous abortion (RSA). Methods: The retrospective study included 630 RSA cases and 1320 healthy women during their middle and late prenatal care. Their living environment was investigated, and the influence of environmental factors on pregnancy abortion was analyzed. The genomic DNAs were extracted from the study subjects, and the polymorphisms of CD28 and B7 were analyzed. Finally, the interaction of gene and environment on RSA was analyzed with the logistic regression analyses. Results: The multi-variate regression analysis indicated that vitamin supplement, intake of fresh fruits or vegetables, night shift, staying up late, history miscarriage, as well as history induced abortion were, independently, risk factors for RSA (all P< 0.05). Moreover, rs3116496 (T>C), rs3181098 (G>A) and rs3181100 (G>C) of CD28, rs1915087 (C>T) of B7-2, as well as rs6804441 (A>G) and rs41271391 (G>T) of B7-1 were correlated with modified RSA risk (all P< 0.05). The haplotypes TGT and TAG could also regulate the risk of RSA (both P< 0.05). The synthetic influences of the aforementioned SNPs and environmental factors could also significantly affect the susceptibility to RSA (all P< 0.05).
were diagnosed as spontaneous abortion after detection of serum human chorionic gonadotropin (HCG) via B-ultrasound measurement and/or electro-chemi-luminescence (ECL) within 13 gestational weeks. The criteria for ultrasonic diagnosis and detection of serum HCG were in accordance with the Ultrasound Diagnosis in Obstetrics and Gynecology published by People's Medical Publishing House. Besides, the Han pregnant women who received perinatal health care in the hospital were incorporated into the control group. Their gestation lasted longer than 13 weeks, and we failed to find any abnormality of fetal growth and development among the pregnant women. All the subjects have signed informed consents. This study was approved by Affiliated Hospital of Weifang Medical University and Weifang People's Hospital and the ethics committee of Affiliated Hospital of Weifang Medical University and Weifang People's Hospital.
Investigation for pregnant women
General conditions included name, birth, body mass index (BMI), career, family income and educational level. The fertility indicators included onset of menstruation, number of conception, frequency of abortion, menstrual condition, eugenics inspection and so on. The indicators relevant to living habit included usage of tableware, intake of milk, fruit, vegetable, puffed food, fried food and barbecue food, drinking, smoking, usage of television, telephone, microwave oven, electromagnetic oven and electric blanket, as well as the frequency of staying up late. The parameters of living condition included existences of decoration, passive smoking, factory pollution, noise, high-tension cable, signal beacon and traffic station. Additional conditions were also investigated, including medication before and during pregnancy, diseases, sexual life, emotion, working stress, physical training and so on.
Definition of certain variables
The subjects were confirmed with smoking history when they smoked one cigarette per day for 1 year. Night shift symbolized the work that sustained from 22 pm to 6 am. The ones that did not rest until after 1 am were believed as staying up late and frequent staying up late indicates it happens at least 3 times a week. In addition, physical exercise should be continued for > 30 min each time, and the post-exercise heart rate should increase by > 30%. Passive smoking represented that the subjects unconsciously inhaled the smoke for ≥ 15 min each time.
Clinical examination for the pregnant women
The subjects all received blood examination, and they did not have abnormalities in chromosomes or thyroid function. Ultra-sound examination was performed to confirm that they did not have malformations in the genital tracts.
Genotyping
The vacuum tubes with ethylene diamine tetraacetic acid (EDTA) anti-coagulant were applied to extract 5 ml peripheral blood from each subject, and then the blood samples were preserved in the -80 °C refrigerator. Genomic DNA was extracted with assistance of the DNA extraction kit (ComWin Biotech Co.,Ltd., Beijing, China). In line with the genetic sequence provided by Gene Bank database, the primers were designed based on Premier 5 software (Table 1) , and were synthesized by Dalian Takara Biological Engineering Co., Ltd.. Genotyping was analyzed based on polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP). The PCR amplification system (20μl) included forward primer (2 μl), reverse primer (2 μl), DNA template (< 1 μg), 2 ×EsTaq Master Mix (25μl) and RNase-free water (up to 50 μl). The PCR reaction conditions were arranged as: 1) pre-degeneration at 94°C for 15 min; 2) 45 cycles of degeneration at 95 °C for 30 s, annealing at 56°C for 30s, and extension at 72 °C for 30 s; and 3) eventual extension at 72 °C for 5 min. Then 10μl PCR products were added with 5 U endonuclease, 2μl 10× enzyme buffer and 20 μl ddH2O, forming the 20 μl reaction system. Digestion was conducted within the water bath at the temperature of 37 °C for 2~16 h, and then the electrophoretic results were observed using gel imager (model: Gel Doc 2000; manufacturer: Bio-RAD corporation). The sequencing of PCR results was accomplished by Shanghai sangon biological engineering corporation.
Statistical analyses
All the statistical analyses were performed with assistance of the SPSS 17.0 software. The associations of genotypes with early abortion were analyzed with univariate logistic regression analysis. Moreover, the parameters of vitamin supplement, intake of fresh fruit or vegetables, alcohol consumption, frequency of smoking, frequency of night shift, frequency of physical exercise, as well as history of miscarriage were adjusted by way of multivariate logistic regression analysis. The correlation degrees were expressed by odds ratios (ORs) and their 95% confidence intervals (CIs).
Results
Effect of certain living habits on the prevalence of RSA As was shown in Table 2 intake of fresh fruits or vegetables, night shift, staying up late, history miscarriage, as well as history induced abortion could independently regulate the incidence of RSA.
Association of CD28/B7 pathway-related SNPs and haplotypes with susceptibility to RSA
Interestingly, rs3116496 (T>C), rs3181098 (G>A) and rs3181100 (G>C) of CD28 were, respectively, found to be correlated with incremental susceptibility to RSA under the allelic model (OR = 1.70, 95% CI: 1.44-2.02, P< 0.05; OR = 1.18, 95% CI: 1.03-1.35, P< 0.05; OR = (Fig. 1) . However, there showed no significant distinctions between RSA cases and healthy controls (P>0.05), regarding the genotyping and allelic distributions of rs3769684 (T>C), rs4673259 (T>C), rs10932017 (C>T), rs1129055 (G>A), rs17281995 (G>C), rs9282641 (G>A) and rs16829984 (G>C). Moreover, the haplotype TGT of B7 were suggested as the protective parameter for RSA (OR = 0.65, 95% CI: 0.53-0.80, P< 0.05), whereas the haplotype TAG seemed as a risky element for facilitating development of RSA (OR = 1.79, 95% CI: 1.21-2.66, P< 0.05)( Table 5) . As for the subjects who frequently ingested fresh vegetables and fruits (Table 7) , carriers of rs3116496 TT were less probable to develop RSA than ones without intake of fresh vegetables or fruits (OR = 0.38, 95% CI: 0.29-0.50, P< 0.05). Besides, the heterozygote TC of rs3116496 was also associated with decreased susceptibility to RSA, yet its homozygote CC was associated with elevated RSA risk (OR = 4.42, 95% CI: 1.60-12.22, P< 0.05). Similarly, rs3181098 AA and rs3181100 CC were tightly linked with the raised prevalence of RSA, considering the crowds who took vegetables and fruits marginally (OR = 2.90, 95% CI: 1.63-5.15, P< 0.05; OR = 2.31, 95% CI: 1.06-5.03, P< 0.05).
In addition, carriers of rs3116496 CC were more readily to suffer from RSA than carriers of TT, whether they experienced night shift or not (OR = 2.21, 95% CI: 1.06-4.62, P< Table 9 ). The TC carriers Furthermore, physical exercise was found to positively affect the pregnancy of subjects (OR = 0.58, 95% CI: 0.46-0.74, P< 0.05), whereas genotypes CC and TC of rs3116496, respectively, led the positive direction to the negative one (OR = 2.89, 95% CI: 1.32-6.30, P< 0.05; OR = 1.68, 95% CI: 1.23-2.31, P< 0.05)( Table 10 ). Carriers of rs3181098 GG were less prone to suffer from RSA when they regularly did physical exercises (OR = 0.68, 95% CI: 0.49-0.95, P< 0.05). Moreover, the rs6804441 GG carriers were associated with less incidences of RSA whether they frequently experienced physical exercise or not (OR = 0.20, 95% CI: 0.10-0.40, P< 0.05; OR = 0.35, 95% CI: 0.17-0.70, P< 0.05). The rs41271391 TT carriers also followed the same trend (OR = 0.33, 95% CI: 0.22-0.50, P< 0.05; OR = 0.56, 95% CI: 0.37-0.87, P< 0.05).
Interestingly, only if the subjects carried the rs3116496 C allele or had a history of miscarriage, they were usually correlated with higher risk of RSA (all P< 0.05) (Table 11) . Slightly different from rs3116496, people with the miscarriage history had a high possibility to suffer from RSA regardless of their rs3181098 genotypes (all P< 0.05). Besides, miscarriage also conferred ones carrying rs3181100 CC and rs1915087 CT to contract RSA more easily (OR = 6.53, 95% CI: 4.10-10.40, P< 0.05; OR = 2.56, 95% CI: 1.55-4.21, P< 0.05). The women without experiencing miscarriages were less liable to contract RSA when their genotypes were rs6804441 GG and rs41271391 TT (all P< 0.05). The influences brought about by the vegetables were demonstrated to positively stimulate IL-2, IFN-nstrated to β via modulating the secretion of Th1/Th2 cytokines [25, 26] . The underlying mechanism could be roughly summarized as that fruits and vegetables were rich in vitamin A, vitamin C, vitamin E and micro-elements, the lacking of which might contribute to the damaged immune system of organisms [27] [28] [29] [30] . For instance, enough supply of vitamin A could promptly raise the number of peripheral blood lymphocytes, and vitamin E exerted an inhibitory role in the production of prostaglandin E2 (PGE2), the substance that suppressed the organisms' immune functions in a non-specific manner [31] [32] [33] . All in all, due to the linkage between immunity dysfunction and elevated prevalence of RSA, proper intake of fruit and vegetable were beneficial living habits against abortion. In addition, it was previously documented that B7-1 (i.e. CD80) and B7-2 (e.g. CD86) were mainly expressed in the activated dendritic cells and macrophages, and they were the natural ligands of CD28. The combination of CD28 and B7 would boost the expressions of interleukin-2 (IL-2), IL-4 and IL-5, and this auxo-action would be enhanced when the second messenger existed [34] . Besides, the co-stimulatory signals of CD28 were involved in multiple intracellular pathways that modified the immunity responses, including PI3K pathway, GRB-2/SOS-related p21Ras pathway and ITK/EMT pathway [35] [36] [37] . Since one contributor of RSA was regarded as the immunity dysfunction, it was taken for granted that the mal adjusted CD28/B7 pathway was the vital reason for RSA development. Consistent with the hypothesis, hindering B7-1 and B7-2 expressions could hold up the maternal rejection to allogenic fetus within matings that were prone to suffer from miscarriages [38] . Moreover, methods have been explored to avoid the abortion relevant to dysfunctional immunity via altering the costimulatory signal mediated by CD28 [39] . Accordingly, the immunity-related SNPs situated within CD28 and B7 were also estimated as the risk factor for RSA. To be specific, rs1129055 of B7-2 was remarkably associated with the altered risk of pneumonia-induced sepsis [40] . B7-4 rs6804441 was also investigated whether it was correlated with systemic lupus erythematosus among an Asian population [41] . A prospective study based on the Polish population also revealed the relationship between CD28 rs3116496/ rs3181098 and cancer risk [42] . Above all, the SNPs that showed statistical significances could be deemed as the biomarkers for RSA development (Table 3-4) . Furthermore, the interactions of SNPs and environment also derived the results that differed from SNPs and environment alone (Table 5-11) [43, 44] .
Nonetheless, this study was limited by several factors. Firstly, recall bias due to memory distortion or incomplete memory would give rise to the systematic error existing between memory and the truth [45] . Secondly, the distinct outpatient rate caused by the different subjects' knowledge of the diseases would magnify the selection bias when patients were selected from the hospital. Thirdly, the sample size included was not enough for generalizing the study results into other populations. Moreover, only finite factors were investigated in this study, other environmental factors, such as coffee, were not investigated. What's more, some women might conceal their reproductive history because of the one-child policy in China, so the breeding conditions might not be a bit distinct from the real situation. Finally, we only studied the superficial association of environmental and genetic factors with risk of RSA, but we did not explore the potential molecular mechanisms underlying RSA. Hence, more in-depth studies with a large scale were demanded for the following researches.
Conclusion
The environment factors, including night shift, history of repeated abortions, history of smoking and intake of vitamin supplement, could interact with SNPs located within CD28/ B7 pathway (e.g. rs3116496, rs6804441 and rs1129055) to modify the risk of RSA among the Chinese population. 
